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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve safety of robot 
work by predetecting a dangerous operation directing 
command by providing a command safety evaluating 
means for sending out a safety evaluating result of a 
command signal to a work risk estimating means. 
SOLUTION: A command justice evaluating device is 
started to operate to read in an operation directing 
command (S1). Next, a safety level of a command is 
calculated (S2). When judging that the result is not 
normal (S3), the fact of causing abnormality in the 
command is informed to a work risk estimating device 
(54). The command is also canceled (S5). While, when 
judging that the safety level of the command is normal, 
the command is sent out to an operator side control 
device still in its state (S6). Thus, when abnormality is 
caused in the command, since the command is 
automatically canceled, abnormal operation of a robot 
can be avoided to thereby secure safety since 
dangerous work is automatically excluded. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The robot side control means which controls a robot, and 1st input means to input the 
above-mentioned robot's operating command, The 2nd input means which inputs the above- 
mentioned robot's operating command, and an operating-command command generation means to 
change into an operating command the signal inputted from these input means, Are concurrent with 
transmitting the above-mentioned operating-command command to the above-mentioned robot side 
control means. The operator side control means which receives the telemetry signal transmitted from 
the above-mentioned robot side control unit, and processes signal transformation etc., A display 
means to show a robot's situation of operation to an operator using the telemetry signal transmitted 
from the above-mentioned operator side control means, An activity danger presumption means to 
presume the danger of the activity under activation using the telemetry signal transmitted from the 
above-mentioned operator side control means, An activity danger presentation means to show an 
operator activity danger according to the danger level signal outputted from the above-mentioned 
activity danger presumption means, The robot remote control characterized by having a command 
safety evaluation means to evaluate the safety of the command signal transmitted from the above- 
mentioned operating-command command generation means, and to send out to the above-mentioned 
operator side control means, and to send out the safety evaluation result of a command signal to the 
above-mentioned activity danger presumption means. 

[Claim 2] The robot remote control according to claim 1 characterized by stopping sending out of the 
command to the above-mentioned operator side control means according to the result of having 
evaluated the safety of the command outputted from the above-mentioned operating-command 
command generation means inside the above-mentioned command safety evaluation means. 
[Claim 3] The robot remote control according to claim 1 characterized by correcting a command 
according to the result of having evaluated the safety of the command outputted from the above- 
mentioned operating-command command generation means inside the above-mentioned command 
safety evaluation means, and sending out a command to the above-mentioned operator side control 
means. 

[Claim 4] The above-mentioned command safety-evaluation means is the robot remote control 
according to claim 1 characterized by to have a safety level calculation means compute command 
safety level from the command signal transmitted from the above-mentioned operating-command 
command generation means, a judgment means to by_which the safety level computed with the 
above-mentioned safety level calculation means judges safety level 0 or 1, and a transmitting means 
transmit the command concerned to the above-mentioned operator side control means when the 
judgment result of the above-mentioned judgment means is safety level 0. 
[Claim 5] The above-mentioned command safety-evaluation means is the robot remote control 
according to claim 1 carry out having a safety level calculation means compute command safety 
level from the command signal transmitted from the above-mentioned operating-command command 
generation means, a judgment means to by_which the safety level computed with the above- 
mentioned safety level calculation means judges safety level 0 or 1, and a transmitting means 
transmit the abnormalities in a command to the above-mentioned activity danger presumption means 
when the judgment result of the above-mentioned judgment means is safety level 1 as the 
description. 
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* NOTICES * 

JPO asid NCIPI are not responsible for any 
damages caused by the use of this translation. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the robot remote control used when making various 

kinds of activities do using the robot installed in the location distant from the operator. 

[0002] 

[Description of the Prior Art] Drawin g 8 is drawing showing the configuration of the conventional 
robot remote control shown in 849-857 pages of Robotics Society of Japan 9 No. 7 volumes. 
[0003] The robot with which 1 works actually in drawing 8 , the robot side control unit with which 2 
controls this robot 1, The keyboard into which, as for 3, an operator inputs a robot's operating 
command, the joy stick into which, as for 4, an operator similarly inputs a robot's 1 operating 
command, The display whose 7 displays graphics, the television camera with which 1 1 picturizes a 
robot 1, The monitor TV which displays the image to which 12 has been sent from the television 
camera 1 1, and 13 are computers which generate the graphics screen which changes the operating 
command inputted from the keyboard 3 and the joy stick 4, transmits to robot control equipment 2, 
or shows an operator information. 

[0004] Next, actuation is explained. An operator inputs a robot's 1 operating command continuously 
with a joy stick 4. Since it is difficult at this time for an operator to input the information on a 
location and a position simultaneously, as for the input of a joy stick 3, either the command of a 
location or the command of a position is confirmed, and another side is disregarded. A keyboard 4 
performs this selection. The inputted operating command is sent to the robot side control device 2 
through a calculating machine 13, and a robot 1 operates as this command. The check of a robot's 1 
situation of operation is performed by seeing the image photoed with the television camera 1 1 with a 
monitor TV 12. This monitor TV 12 is shown a robot's 1 situation of operation. However, only with 
a monitor TV 12, since the check of the safety of an activity is not fully acquired, the accuracy and 
the safety of an activity fall. In order to compensate this, an exchange screen is expressed as this 
equipment on Screen 7 of a display. Telemetry signal values, such as a robot joint include angle, 
joint angular velocity, and generating force, are displayed on this exchange screen. It is in carrying 
out the monitor of the both sides of these monitor TV images and display images, and the 
achievement situation and safety of an activity are grasped. 
[0005] 

[Problem(s) to be Solved by the Invention] Although unsuitable robot actuation will be caused if the 
mistaken command is sent out since the command with which the operator generated the 
conventional robot's remote control as mentioned above is sent out to a robot as it is, an operator will 
notice generating of unsuitable actuation only after he looks at a telemetry signal after fixed time 
amount, and had a trouble of it becoming impossible to perform exact and safe robot remote 
operation. 

[0006] Moreover, in order to check whether the robot activity is done on insurance, it always gazed 
at the telemetry display screen, and a robot's actuation command had to be sent out, carrying out the 
comparative judgment of two or more information, and there was a trouble that an operator's mental 
load was heavy. 

[0007] Before having been made in order that this invention might solve the above troubles, 
introducing the valuation basis of command safety and sending out an operator command command 
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to a robot side, it aims at raising the safety of a robot activity by [ to which this command safety is 
evaluated and beforehand detects a dangerous operator command command ] doing things. 
[0008} Moreover, this invention aims at obtaining the robot remote control which can input the 
operating command of a robot safe as a result by showing an operator it immediately, when the 
operator command command which the operator mistook is generated. 

[0009] Furthermore, this invention aims at obtaining the robot remote control which can input the 
operating command of a robot safe as a result by stopping sending out by the side of the robot of that 
command, when the operator command command which the operator mistook is generated. 
[0010] Moreover, this invention aims at obtaining the robot remote control which can input the 
operating command of a robot safe as a result by sending out to a robot side, after correcting that 
command automatically, when the operator command command which the operator mistook is 
generated. 
[0011] 

[Means for Solving the Problem] The robot side control means by which the robot remote control 
concerning the 1st invention controls a robot, 1st input means to input the above-mentioned robots 
operating command, and 2nd input means to input the above-mentioned robot's operating command, 
An operating-command command generation means to change into an operating command the signal 
inputted from these input means, Are concurrent with transmitting the above-mentioned operating- 
command command to the above-mentioned robot side control means. The operator side control 
means which receives the telemetry signal transmitted from the above-mentioned robot side control 
unit, and processes signal transformation etc., A display means to show a robot's situation of 
operation to an operator using the telemetry signal transmitted from the above-mentioned operator 
side control means, An activity danger presumption means to presume the danger of the activity 
under activation using the telemetry signal transmitted from the above-mentioned operator side 
control means, An activity danger presentation means to show an operator activity danger according 
to the danger level signal outputted from the above-mentioned activity danger presumption means, It 
has a command safety evaluation means to evaluate the safety of the command signal transmitted 
from the above-mentioned operating-command command generation means, and to send out to the 
above-mentioned operator side control means, and to send out the safety evaluation result of a 
command signal to the above-mentioned activity danger presumption means. 
[0012] Moreover, it is made for the robot remote control concerning the 2nd invention to stop 
sending out of the command to the above-mentioned operator side control means according to the 
result of having evaluated the safety of the command outputted from the above-mentioned operating- 
command command generation means inside the above-mentioned command safety evaluation 
means. 

[0013] The robot remote control concerning the 3rd invention corrects a command according to the 
result of having evaluated the safety of the command outputted from the above-mentioned operating- 
command command generation means inside the above-mentioned command safety evaluation 
means, and sends out a command to the above-mentioned operator side control means. 
[0014] Moreover, the robot remote control concerning the 4th invention A safety level calculation 
means to compute command safety level from the command signal to which the above-mentioned 
command safety evaluation means was transmitted from the above-mentioned operating-command 
command generation means, A judgment means by which the safety level computed with the above- 
mentioned safety level calculation means judges the safety level 0 or 1, and a transmitting means to 
transmit the command concerned to the above-mentioned operator side control means when the 
judgment result of the above-mentioned judgment means is the safety level 0 constitute. 
[0015] The robot remote control concerning the 5th invention constitutes by safety level calculation 
means compute command safety level from the command signal to which the above-mentioned 
command safety-evaluation means was transmitted from the above-mentioned operating-command 
command generation means, judgment means to by_which the safety level computed with the above- 
mentioned safety level calculation means judges safety level 0 or 1, and transmitting means transmit 
the abnormalities in a command to the above-mentioned activity danger presumption means when 
the judgment result of the above-mentioned judgment means is safety level 1. 
[0016] 
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[Embodiment of the Invention] The gestalt of implementation of this invention is explained about 
drawing below gestalt 1. of operation. Drawin g 1 is the block diagram of the robot remote control by 
the gestalt of implementation of the 1st of this invention. 

[0017] In drawing 1 , the robot side control device with which 1 controls a robot and 2 controls this 
robot, the keyboard into which, as for 3, an operator inputs a robot's 1 operating command, the joy 
stick into which, as for 4, an operator inputs a remote-operation command, the operating-command 
command generation equipment with which 5 generates a robot's 1 action command from an 
operator input, and 6 show the operator side control device which sends the command sent from 
operating-command command generation equipment 5 to the robot side control device 2. 7 is a 
display for displaying the telemetry signal sent from the operator side control device 6 on a screen. 8 
is activity danger presumption equipment which presumes the activity danger of a robot activity 
using the telemetry signal of the robot sent from an operator side control device. The activity danger 
presentation equipment which shows an operator the result of having presumed 9 with activity 
danger presumption equipment 8, 10 is command safety evaluation equipment which sends out the 
safety evaluation result of a command signal to activity danger presumption equipment 8 in parallel 
to evaluating the safety of the command signal sent from operating-command command generation 
equipment 5, and sending out to the operator side control unit 6. 

[0018] Next, actuation is explained. An operator inputs the operating command from a keyboard 2 
and a joy stick 3 to a robot 1 first. The series of commands of the time series for the inputted input of 
operation being sent to operating-command command generation equipment 5, and operating a robot 
is generated. The generated command is sent out to command safety evaluation equipment 10, and it 
is sent out to the operator side control unit 6 in parallel to evaluating the safety level at the time of 
processing the command of time series sequentially and executing the command. In the operator side 
control device 6, communications control of the sent series of commands is performed, and the series 
of commands for operating a robot 1 is sent out to the robot side control device 2. A robot 1 operates 
based on the action-command train sent from the robot side control unit 2. On the other hand, the 
telemetry data in which the result of actuation of a robot 1 is shown are sent to the operator side 
control device 6 through the robot side control device 2, and the value is displayed on a display 7. 
Moreover, this telemetry data is sent also to activity danger presumption equipment 8 from the 
operator control unit 6. With activity danger presumption equipment 8, the activity danger for every 
item of telemetry is computed based on the comparison with the threshold set up beforehand from 
each raw data, such as the telemetry data which play a role especially important for danger 
presumption of a robot activity, for example, a force torque-sensor value, a robot joint include angle, 
robot joint angular velocity, etc. Then, the whole activity danger is presumed from the activity 
danger level of each item, that result is sent to activity danger presentation equipment 9, and an 
operator is shown. 

[0019] Next, the assessment approach of command safety is explained. Drawing 2 is the example of 
the item which is needed for the safety evaluation carried out for every operating-command 
command of each which is generated by time series, and a decision value. The criterion of individual 
command safety level is beforehand listed in this table. These criteria are level which does breakage 
to critical level (i.e., the robot itself) and surrounding equipment, and the command of this level 
needs to stop actuation for a short time as much as possible. 

[0020] Drawing 3 is a flow chart about assessment of operating-command command safety. Based 
on the decision value of the table defined in drawing 2 , the operating-command command generated 
by time series is judged according to an individual, and activity safety level is computed. Sequential 
operation is carried out to all the items that showed this processing by drawing 2 . Below, the detail 
of the content of processing is explained for each [ which was shown in drawing 3 ] step of every. 
Pretreatment which is needed for future check count is carried out to the operating-command 
command given first (step SI). A joint include-angle limit check is carried out for every after 
command of the (step S2). If judged with safety level 1 here, subsequent processings will be 
interrupted immediately and the last judging result will be judged to be safety level 1 (step S3), on 
the other hand, level [ safety / 0 ], i.e., when it is judged that it is safe, they are the following 
evaluation criteria — robot joint angular-velocity limit-check implementation is carried out (step S4). 
While a safety level judging result is 0 (zero), the command safety level of each item of the internal 
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interference check (step S5) shown in drawing 2 R> 2 one after another, an external interference 
check (step S6), a unique position check (step S7), and a robot arm tip-speed limit check (step S8) is 
computed. In addition, an internal interference check is an operation which judges whether a robot's 
hand collides with himself An external interference check is an operation which judges interference 
and a collision with an activity object and a robot by the comparison with a robot's current position 
and a position, and a robot operating environment model. A unique position check is an operation 
which checks the position which should be avoided on the conversion operation of a robot's attitude 
angle and a joint angle. All the check results of each above-mentioned item set it as the command 
safety level 0 (zero), when satisfactory, and they end the processing to the command concerned. On 
the other hand, if at least one item of a check is judged to be level 1, command safety level will be 
set as 1 (step S9). When the command of level 1 is executed as it is, it is a command with which it is 
assumed that abnormalities occur, and an operator is shown by notifying an abnormal occurrence to 
activity danger presumption equipment (step S10). The above processing is repeated one after 
another to the series of commands to which it is sent by time series. 

[0021] Drawing 4 is a whole flow chart. Below, the detail of the content of processing is explained 
for each [ which was shown in drawing 4 ] step of every. An operating-command command is read 
first (step SI). Next, command safety level calculation is carried out (step S2). Next, it judges 
whether it is the command safety level 0 (step S3). When the item which is not the command safety 
level 0 here exists, generating of the abnormalities in a command is notified to activity danger 
presumption equipment, and a result is shown to an operator (step S4). When it is the command 
safety level 0 on the other hand (i.e., when the abnormalities in a command have not occurred), the 
command concerned is immediately sent out to an operator side control unit (step S4). 
[0022] Although operator command command generation equipment 5, the operator side control unit 
6, activity danger presumption equipment 8, and command safety evaluation equipment 10 were 
constituted from a gestalt of gestalt 2. of operation, in addition the above-mentioned implementation 
as respectively separate equipment, the same effectiveness can be acquired even if it constitutes 
either or the whole from one computer among these. 

[0023] With the gestalt of gestalt 3. of operation, in addition the above-mentioned implementation, 
although six items were listed as a safety check item, whether it omits one of items among these or 
adds another item, the almost same effectiveness can be acquired. 

[0024] The gestalten 1-3 of the gestalt 4. above-mentioned implementation of operation estimated 
the safety of a command, and how to show an operator it was explained with them. With the gestalt 4 
of this operation, when the assessment result of the safety level of a command is unusual, how to 
stop sending out in the operator side control unit of the command concerned is explained. Drawing 
used for explanation is the same as that of what was shown in drawing 1 , and omits explanation. 
[0025] Actuation by this operation gestalt is explained. Drawing 5 is the flow chart of processing by 
the gestalt of this operation. Below, the detail of processing is explained based on drawing 5 . First, 
an operating-command command is read. (SI) Next, the safety level of a command is computed 
using the same technique as the gestalt 1 of operation. (S2) When judged with the result not being 
normal (level 0) (S3), it notifies that abnormalities occurred to the command concerned to activity 
danger presumption equipment. (S4) The command will be canceled further. (S5) Consequently, an 
unusual command is no longer sent out to a robot. On the other hand, when judged with the safety 
level of a command being normal, the command is sent out to an operator side control unit as it is. 
(S6) 

[0026] Since the command is automatically canceled while an operator shows an operator generating 
of abnormalities when a certain abnormalities occur to a command the method of the delivery, and 
the bottom since it is set up as mentioned above, a robot can avoid carrying out unusual actuation. 
Consequently, since a dangerous activity is eliminated automatically, safety is also secured, and it 
becomes possible to also mitigate an operator's mental burden. 

[0027] With the gestalt 4 of the gestalt 5. above-mentioned implementation of operation, while 
evaluating the safety of a command and showing the operator it, how to cancel automatically the 
command which abnormalities generated was explained. With the gestalt 5 of this operation, when 
the assessment result of the safety level of a command is unusual, how to send out to an operator side 
control unit, after correcting the command concerned correctly automatically is explained. Drawing 
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used for explanation is the same as that of what was shown in drawin g 1 , and omits explanation. 
[0028] Actuation by this operation gestalt is explained. Drawing 6 is the flow chart of processing by 
the gestalt of this operation. Below, the detail of processing is explained based on drawing 6 . First, 
an operating-command command is read (step SI). Next, the safety level of a command is computed 
using the same technique as the gestalt 1 of operation (step S2). When judged with the result not 
being normal (level 0) (step S3), it notifies that abnormalities occurred to the command concerned to 
activity danger presumption equipment (step S4). The command data is modified automatically and a 
right command is obtained (step S5). The obtained right command is sent out to an operator side 
control unit (step S6). On the other hand, when judged with the safety level of a command being 
normal, the command is sent out to an operator side control unit as it is (step S6). 
[0029] Below, how to correct automatically the command data judged that are unusual using 
drawing 7 is explained. Every check item is judged in the same sequence as the time of computing 
command safety level. A joint include-angle limit check is first carried out for every command (step 
SI). If judged with it being unusual here, a command value will be automatically corrected so that it 
may return to joint include-angle within the limits (step S2). on the other hand, when it is judged that 
it is safe, they are the following evaluation criteria — robot joint angular- velocity limit-check 
implementation is carried out (step S3). If judged with it being unusual here, a command value will 
be automatically corrected so that joint angular velocity may fall within a convention range (step 
S4). on the other hand, when it is judged that it is safe, they are the following evaluation criteria — 
internal interference check implementation is carried out (step S5). If judged with it being unusual 
here, a command value will be automatically corrected so that the distance of an interference part 
may be kept away and interference can be canceled (step S6). on the other hand, when it is judged 
that it is safe, they are the following evaluation criteria — external interference check implementation 
is carried out (step S7). If judged with it being unusual here, a command value will be automatically 
corrected so that the distance of an interference part may be kept away and interference can be 
canceled (step S8). on the other hand, when it is judged that it is safe, they are the following 
evaluation criteria ~ unique position check implementation is carried out (step S9). If judged with it 
being unusual here, a command value will be automatically corrected so that it may not lapse into a 
unique position (step S10). On the other hand, when it is judged that it is safe, the robot arm tip- 
speed limit check which is the following evaluation criteria is carried out (step SI 1). If judged with it 
being unusual here, a command value will be automatically corrected so that tip speed may fall 
within a convention range (step SI 2). By the above processing, command data are corrected 
automatically. 

[0030] While an operator shows an operator generating of abnormalities when a certain 
abnormalities occur to a command the method of the delivery, and the bottom since it is set up as 
mentioned above, in order to correct the command automatically, while a robot can avoid carrying 
out unusual actuation, it is not necessary to interrupt an activity. Consequently, since a dangerous 
activity is eliminated, safety is also secured, and it becomes possible to also mitigate an operator's 
mental burden. 
[0031] 

[Effect of the Invention] Since this invention is constituted as explained above, it does so 
effectiveness which is indicated below. 

[0032] When it is assumed that an error is in an operating-command command and a robot's safety 
cannot be secured, this invention is showing an operator that, and even if it does not maintain high 
stress over the whole term under activity, it can obtain the robot remote control which can input a 
safe robot's operating command. 

[0033] Moreover, when it is assumed that an error is in an operating-command command and a 
robot's safety cannot be secured, this invention is stopping sending out of the command concerned 
while showing an operator that, and even if it does not maintain high stress over the whole term 
under activity, it can obtain the robot remote control which can input a safe robot's operating 
command. 

[0034] When it is assumed that an error is in an operating-command command and a robot's safety 
cannot be secured, this invention is correcting the command concerned automatically while showing 
an operator that, and even if it does not maintain high stress over the whole term under activity, it 
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can obtain the robot remote control which can input a safe robot's operating command. 
[Translation done.] 
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